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~P.\~~[\l. i:i~ R~~l l •\~~I - ~ I TV \~~~I ’flhV~~I -Th ~ 1 (; 2-~\l~- i~ -ie ij .~ys
IN I L,)!)hJ~ l I T

I i i ~~h p r  i s i e n  i n  r a o a r  d e t e c t  i o n , in  e a r t h - s a t e l l i t e  o r b i t
J e t e r : : : i n a t ~~o~~, a - r d  in s a t e l l i t e  f l : 1 V i 4 a - t i ( i n  n e c e s s i t a te s  t h a - t  t h e
s i i ~n a l  d a t a  u s e d  ‘ ‘c c o r r e c t e d  f o r  t h e  e r r o r s  i m n o s e d  - t h e  : o n o —
so h e  r e .  ~ i ~~i : I - t i n c  - Ce 1 a -vs  , or eou i v u  I on t 1 e r an T c  cc  ce rs , are
: t l ~~a vs  e a c e u n t e r e d  in  t r a - n s i o n o s p l : er i c  m e a s u r e m e n t s  b e c : i a s~ t h e
e l e c t r ’ ) - a 1 a c t  i c  r : ~c ; 1t i r n  v e l o c i t y  i n  t h e  “ e d i n m  i s  s i  i c ~N t 1y
‘ess  t h a n  t h e  ~r r ’e - s p a c I  v c l o c i t . Hr  f r e c i u e n c i e s  a t  \]~F a n d
a °ovc , a r  e:\ c~~ss time d e l ay  i s  i n v e r s e  1v~~~r o r o r t  i o n a l  t o  t h e
squ a r e  of  t h e  ° r e o m o n c v  a -n d  i s  d i  r e c t i v  or o n o r t i o n a l  to  t h e  i r a t e -
g r a t e d  e l e c t r o n  d r i s i t v  a l o n o , t h e  p r o p u ’ 4 a - t  i on  p a t h  ( i . e . ,  t o t a l
e l e c t r o n  c o n t e n t  - . ii C ) .  Thus , i l  ~~‘C i s  bn ra- n , or is : :ea~~u r e d ,
a p e r f e c t  c o r r e c t  ion to  r ang i ng can  he p e r f o r m e d .  The i i C  r ra \ ’
he  : :ie asu re d  in  r e a l  t i:ae , p r o v  Lied t h e  i s e r  h a - s  du a l  - f r e q u e n c y
c a n a l ’  l i l t  ie s  . ~ I a-c e t~~c i o n o s p h e r e  i s  a d i sn e r s  ly e  m e d i u m , t h e
relative tii:ro C o l a - v s  ( o r  c ha s e  d i f f e r e n c e s )  b e t w e e n  t h e  t a n  fre-
q uen c  i es  ma be u s e - .! t o  e l i m i n a t e  t h e  e r r o r  i n t r o d u c e d  b y t h e  T I C .
h o w e v e r , s u b s t a n t i a l  s i m p l i f i c a t i o n  i n  u s e r  e q u i n r e n t  c o u l d  be
rea l  i :ed i f  o n ly  o ne f r e q u e n c y  w er e  u t i l i z e d .  l i n e  d e l ay s  w o u l d
t h e n  be d e t e r m i n e d  by  f o r e c a s t i n g  t e c h n i e u e s  based  on m e d i a  models .
f l e cause  o f t h e  s r r a t i a l  a - r d  t e m p o r a l  v a r i a b i l i t y  of  t h e  io nosp he r ic
e l e c t r o n  J e n s l t ~~, t h e  t i r r e - d e l a v  e r r o r s  v a - r e  w i t h  p e o 1r n p h l c  lo-
c a t i o n , t a r .z et (o r s o u r c e )  a l t i t u d e , a -nd  t i m e .  F o r  i m p r o v e d
ac c u r a cy , t h e  lo c o c a - s t  i n g  t e c h n i q u e s  s h o u l d  bc S U p p o r t e d  b r er i  —

o d i c  up d a - t  i n c  c- d a t a  (rr r e f e r a h l y  i n  r ca -- i t i m e )  at o p e c  i f i e d
l o c a t i ons .  The q u e s t i o n  a r i s e s  as to  t h e  e x t e n t  of t he  g o oV rap l i l c
a rea , su r r o u n d i n g  a s t a t i o n  h a v i n g  r e a l - t i m e  T E C - L l c t e r r : i n a t i o n
capabili ties , w it h in w h i c h  TIC values could be i n te r r e l a t e d  with
accep table accurac . in other words , could TIC he de term ined at
loca t ion .\ i~ a r e a l - t i m e  m easureme nt were taken at a different
loc at ion , B , an.! ‘ hat w o u l d  be t h e  g e o g r a p h i c  c o n s t r a i n t s  on .\

• and B.

To this er1d , an i n v e s t i c a - t i o n  de cigned to determine the cor-
relation h e t a e e r .  TIC v alues at Fort P o n m o u t l i , ~~~~. J. i~~. I ~~° \
_ 1  060 l~) , and a t R i c h m ond , Flor id a (.~.6fl ° N , S2.4O~
u n d e r t ak en.  fl -~a-con tr a -n snThsi n ns from the ceost ation a-ry .-\pp l i ca -
tions Technolo~ v Satellites \ S-6 ([1] - 

~~~ w e r e  u sed  to deter-
mine the TFC at th e t w o  stat ions b y  means ef the Faraday rot at ion
t e c h n i m u e .

[1] II. ~o i c h e r , “The \TS-6 Radio deacon Lxperimen t ,’ Th~~~’c ,
~‘ol . 23 .’~, lan. 4, l D~~5 , pp .  2~~~-253 .

[2] K. Pa-vies , R. B. Fri tz , and T. P . Cr:i’: , “leasurement of
colunnar electron contents of the ionosnhere ar i d p lasma-
s p h e r e ,’’ • . 7 oc~~~a .  ~‘~- e .  , vol. Si , Ju n e  l , l~~~6 , p. 1 6.

[
~

} I! . Soicher , “lonos uheric and p lasma-spheric effec ts in satel-
i i  Dc nav i c.i ti o n svstcu rl s ,’’ ~‘1-7~.P ~~~~ ‘~~~~‘ •— . . -~~‘ Y ’ ’ : .’ - ‘ ~~~~~ ~~—

-~ - -~~: r , (in the press).
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T h e  equ i Va - l e n t  i o n o s p h e r i c  s I gna 1 - C o l a - v  - t I a-es no r;.r a i i  ~ed t o a-
f i e e u e n c v  o F  i . e C i ! :  ( i n  t h c -  s a t e l l  i t ’ ’  i r a - c  i g a t i c a -  F r r  1 1 : 1 : 1 e v  i ; t ’ C j
a - r e  a l s o  i n d i c a t e d  i n  t h e s e  F i g u r e s .  : 1 - c  i , o r r : :~ i ‘ h i i . r ~~a I  - a - - t i  i a t  J u l .
of TI-C is r ’V I r i c a - I  . as i .; i t s  . i a - C  - o - L j : i \  v a - a - i a - h i  l i t  y 

~~~~ t l ~
a -v e t - r ip e , t b — a -  I o r t  n o n r~o u t h  UI a v a - r i o  I r e .  - ‘ 2 . 5  T I C  :15 i t s  H I ! C
Un i t  — ~ 

I t  
e / , 5~~~ p r i or t o  L I r l e i r  , to 12 Tb on its i a- I .e C a - i  I v

a f t e r n o o n , C,~~l I  l e  t i C  ! ti c I ~n r o n C  T I C  v a r i e d  l’d a’~ ‘~ 2 . 3  C ‘i a - its t o
-
~~ 1-i . 2 1 1  C a-fl i t 5 .11 S i :“ I I a - i  t i a-es - Tb ; ’ Ca -v — o — Ca ‘, ‘. a ’  r i b : i l i t  ;‘ o
T b  C , as C e tc  rn  1 n a - c!  I r on  t h e  s t a n d  a r - Coy  i :11 i o n  o F w- Cr i  I I y 1 h. P
f ro m : thie n i o n t ! l v  : - -  e an , r a n g e d  f r o m -  (l . a - S t o  - . 12 . — 

1 1 1 . i a  i ts ii
F o r t  2-!o~r r: ; o utT t a - n i h  110 :1 r - (1 . 6 t o  ‘-. 3.0 1 i C  on i t a -  a t  P . l c ! ’ - ’I -’r ’ - l . . T h~-
s t a n d a r d  ~!o V i a t  i — a - ;  ~“ i n i r c i :ed an d  m a x i m i z e d  at  a p r r o x  m a t  e i y t h e
s a m e  t i m e s  ‘i s f 1 ~~~~ T I

Ir a t i - a -  n e x t  s ec t  i en s  , ~ ~~0 co ccc  Ia - t i c r  echn  ~~1 r i o  a - p r ]  ~~~~ t 0

the two sets of ThC ca - t a  w ill he d e s c r i b e d , r i n d  t h e  r e a r i t s  : i r : - ~
conc  lus  i o n s  C t a - w a f r - e m  t he  c o r re  l o t  ien  a-na  I v s  i s  i - i  1 1 °e p I c - s e n t  u- ..
The a-na los is lca - 5 r e r l o rn e d  f o r  t h e  f i r s t  f i v e  : c - r t b s  o f  l~’75  ( t I C
satellite d rifted a-wa’. F rom the I’ . S . h o r i z o n s  i n  l i t e  ‘‘ a-v 1P 5),
and , for add i tional seasonal com r ;iri -~on a r r os o s , f o r  t i r e
of Sep temb er 1fl -i .

C C R R I  L~\ :: - ‘: N - \ f Y~ I P

The c o r r e l a t i o n  a n a l y s i s  r” os C o n e  i n  t i r e  Pc I  l o w i n g  r o s a - e r .
The TF C d r m t a  F o r  Y o r t  ‘l o n m o u th , ‘- . 1 . ,  a nd  d i c h r . r o n d , F l o r i d : , ,
d e n o t e d  t h e  t w o  c o r r e l a t e d  v a r i a b l e s .  ~\ l e a s t  s I a ua r c s  r e ar e s s  in s
l i n e  iSa - a - s  f i t t e d  to til e two d a t a  s e t s  w i t h :  t h e  t i r e  n a - r a t - el e r
e l i v ’ i n c t e r J  b et ~~c’en t h e m.  The c o e f f i c i e n t  o f c o r r e l at i o n , r , is
d e f i n e d  u s :

r = ~~~ 
_ _ _ _

w h e r e  I r c a - r e s e n t s  t h e  v a l u e  of I I l l  C a t  F o r t  ‘ d o n - e n u t l a ) For

a r i v e n v a l u e  o f  Y I TFC a t  R i c h m o n d )  esti ma ted f r o m ’  t h e  f i t t e d
re~~r e s si o r -  l i n e : ~ is t he mean o f  Y .

T h e  c n r r e l a t i c n  c o e f f i c i e n t  f o r  t h e  d a t a  w a s  c o - ’ : r l e t e d  in
t~~o ~~~ 

- - ir , -. and  in  a Fo r  t c
a 1 ; rl l - rnont hr ’ s TF.C ~alue s for Richmond were cc’rre-

I a-ted r~ i t U a lu l l  - mon t h ‘ s TIC va l uc s  for Fort hlonc’out I:. 11:0
firs t c a l - :t t l i t  io n ~as perfo rmed for tla e two  sets wit!; no shift
i n  t i ‘-- e ~ O H \ e e a t h e n  ( i . e  • , TEC y a l u c s  f o r  a- f u l l  n o r t h  a t  F o i t
b- I n n o u t h  ‘- o r e  c o r r e l a te d  w i t h  TU C v a l u e s  f o r  t h e  s am e  m o n t h  a - nd

- — a n c  t i n e  a t  d i c h : - i o n d )  . Ma e n e x t  c a l c u l a t i o n  w a - s  p e r f o r m e d  i ’L h
t Il e  r o n H — M~~- ! l i c h : a o n . h  d a t a , r e l a t i v e  to  t h e  m o n t h l y  F o r t  5 l o n m o u t h
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FORT MON M OUT H , N J vs RICHMO ND , FLA FO L~~*INC
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F ig . 3 .  Variation of the correlat Ion coeffic ient of the Rort ‘-w r i r o u t h ,
“1. - LI  and ~ic h n rond , Florida, oio nth lv data sets wit h rrspeLt ta-
1 5-minute time shift s (first data point carrrsrorcc to ~o s-’1 ‘I.
wh ile last data point corresponds te 24—b-cur f, r- r-’drd ~~‘1~~t
between data sets)
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the correlat ion coefficient , the n e - p u t  i ’ c ’  r : 1 \ i r a  of the corri:-ja-
tion coeffrcient , :inii the correspor~!in a - t ~cic ’ s ! .i  F’ s f or  ;Jich
these were  a t  to i net’. Mtcse t i c ; ’ s I r  i F t  S :1 cc -  p 1 o t t  Ccl :i a l l  v
s h i f t s , s i n c e  the correlation co c ffi cicr .ts a-ixim ,i :a ( j os i t i v c l v
or ne~ a t i ye lv) at c- 2 4 —  h o u r  p i ’i’ i oti s . .\ I so i rd I C a t  ( (I a re t ire
t ime shifts t h a t  co r r esn ond w i t h  - ‘ m i  - . c o r r e l : o t inn H 0.035 ).

For all indi cated months , the t ’osi t lye a-ax i r r r c .  or ’ t he ca -i t ’ - -
l ot ion coeffici ent s-as hi ghest (~ 0 .9) for corr l — 0 1 -end in p d a t a  s e t s

— (i.e., no shift in tine). The positive riaxi num of th e coeffici-
ent  f o r  s u c c e e d i ng  t in e  sh i f t s  dccl  m ed ;  ho ’~- e v e r  , a n t  ‘ o n o t on  I ca - I 1 ” .
The m a x i m u m  of t h e  c o r r e l a t i o n  c o e f f i c i c ’n t  f o r  - ‘ :mra - a - a - r v  rind I ch-
r u a rv , in g e n e r a l , s-as hi g h e r  than t h a t  for the ct lie n months . i Fe
range of the coefficien t for all reported ti- r e sh ifts (except
:ero shifts) i- -a s between ‘a~ 0 . T~ and -

~~ 0 . 9 .  dU e r a n p e  of the cot’ -
responding time shifts was 96 ± 2 s h i f t s .

In general , for all tire indicat e-i months , the n e g a t i v e  ca - ix i -
mum of the correlation coeffi cient was n o t  t h e  hig !-est for t h e
fewer mu ral— er of shifts. The lowest values i-crc o h s e r v o d  for’ - : I n
ua rv  and February . For correspondin g tine shifts Curin g °r’ t e c he r
1P’4 , the negative coefficient exceeded t h e  positive c cef l ic i en t
in magnitude , bu t  during January and February , the oppos i t t  as
true. During ‘!arch , April and M a y  l9~~ — , the :‘iaca-nitude of th e
nenative and positive maxima of the coefficients w e r e  c o n n a r a b i ’ ,
h u t  their relative values alternated in raapnitu de. FIre range of
the negative raci x irt a of the coefficient b r  all renorted time
shifts was between ‘a -0.6 and “~ -0.9. The range of the correspond
ing t ime shifts was 48 ± 2 shifts.

The minima of the correlation coefficient were reached at
time shifts which ranged between 21 and 2 ’ and betseen 71 and 7h .
For the former , a greater number of shifts r-.’as observed during
September , April and May than during the other months.

The monthl y variation of the correlation coefficient for’ tI-c
Richmond data during September l9’J correlated with itself is
shown in Fig. 5. The magnitude of the correlation coefficie nt
for the no-shift condition , of course , is ÷1.0 , since the two

- • data sets are identical. The positive maxi m a of the correlation
coefficient varied between a~ 0.7 and -- 0.84 , a- :Irile the tim e
shifts for their attainment ranged at 96 ± 2 shifts . (In genera l ,
these positive maxima of the correlation coefficient were higher
in value than t]ae corresponding Fort ‘lonmouth-hichnond coefficient
for the same month.) The negative maxima of  the correlation
coefficient varied between -0.68 and -0. ‘.‘S , while the time shift s
for their attainment ranged between 43 and 48 shifts. (The
negative maxima of the correlation was always lower in value
than the corresponding Fort ~lonmo uth-Richm ond coefficient for the
same month.) Time shifts for the minima of the coefficient
~raried between 21 and 24 and between l and “6 shifts.

The day-ba- -day (daily) maximum positive correlation coef-
ficients for September 1974 and January , Februar y , ‘-larch , \p ri l

P
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p i l l ’ I n g  t e ho i t  ‘‘ - u r - r o a t  h a - n i  ~ I c  1r : ’r ~ i;  : a t . n L t ~ - b e- - -  ~_ ‘ -  - ~ C _~~~~~~..

L ot- each Ca-,- ot those rroi; t l , s . d ;~~ I i  .- ran~~ i

s h i f t e d  i - ; i t h  r t ’~~n - c t  t o  ~ I - e -  Fort ‘CoT1 :r-~~t h da ta at  H — m i n i : -  i i , -
t c r y r i  n : U t-  f u  i ’ ’~ ii - ( + ) i n~ c t ion ar-i ii -. • I- .c~ , .s -~ i - -  —

~~~ ~ a - -~~~r of shif ts for sU ,ich e ~~uc : : r~~~n e r .  ire -
::r,~~ i : :i i : ed  i s  a l s o  s~~~- r- -n in t ir e f i g u r e , us a -re t i c -  sI i t s ’ n - n: ; l v
av er a ges. E n nl - ~ L i r t i c - r i , the n a - n I -- e r  O L  i a - t a  ; - a l r s  a-v -u i ~~~~

- n o r
e co rrel nit icr an ;ii v sis for each d ay  Int ax m um - -~~ i - i t- i ~~- - ~ i r s ,

s i n c e  t i - c  ~l at a  i s a - v ; r i i a j — l c  a t  1 5 - m i n u t e  i n t e r \ - 1 i s  ~ 5
s I cr- n i in Ire figure.

J~ cT~~~ era i , the correlation coe f ficients ra-;,~~-~ i- e tr • i - - :, 1 . d
and ‘a 1. 0 i t  I’ reiat h-ely f e w  f r i  l i i  r - g  i— c los 0.0. Tl.e i - - i s c - c  -: . -

a -e s  o f  ti-c c r - cf fic lent s C 1 L I  n o t  nece’ssr - r i lv  co ire ide -.- - t l ;  t h e
spa r sitv of the availa b le data. 0n tnc average , t ! ~- coet fi~ n~~r - t
was  ma x i :’iura f o r  no s h i f t s- in Sep tem-~ er , f o r  -a~ I si. i ft i n n  i n
a-nd for (—1 ) shi ft for tir e other m o n t h s .  ~ ln i ie- -~ost ni ,~ • : - i : ;
coef ficients occurred for ~~1- h our  s h i f t ing  ( : - - f i f t r - e r ; - c n n r a : e
s h i f t s ) , s h i f t s of two 1—o ars and m ore se re  o b s e r v e d  c c c a s r c n : i 1~~v .
In  general , the m aximum coefficients of tl -ne dail y cu rr c1 ,~t i o n s
s-crc h i g h e r  than ti-nc correspondin g n n i ~ ia-a of the coot! I C i C  n t  o r
the mont hly correlations. This was appa rein t l~ eni r r~~c-J c v t i r e
day -to-day variations throughout the different months i h i e l .
tended to b r-er the correlation coef ficient as thc tso a-- r i t a  s e t s
wer e shifted w ith respect to each o t h e r .

The :rnaximun correlation coefficients for the dail y Fort
M e n n o u t h d a t a s e t s  c o r r e l a t ed w i t h  one specific day for ca-cl . of

- . the reported months is shown in Fig. 7 (e.g., the dail y a-a -ta
sets for Sep tember 1974 at Fort Monmouth are correlat e-a- irJivi d-
-a-all y w i t h  the daily data set for September 1 , 1974 at Fort
Monmouth ) . ,-\lso shown in the figure are the 15-minute time
shifts for w h i c h  the maximum correlations were attained , and the
max ir~en data pairs available for the correlation ar~a1vsis . The

• maximum correlation coefficients ranged between 0.85 and ‘a 1.0 ,
with two excertions. The deviation from the mean r-:as least in
March ; it was largest in September and April. -~n t Jr e average ,
the tim e shifts for maximum correlation were < + 2 for September ,
January and Apr il , 0 for March , and >-3 for February a-rd May .
Individual shifts , however , reached 10. (The m a x i m u m  ccrr elati~ r
coefficients were comparable in magnitude to those d a i l y  correla-
tions between Fort \lonmouti -i and T~i e 1 u n o n d . )

The maximum correlation coef ficic nts for d a i l y  R i c h m o n d  data
sets correlat ed with one specific dail y data set for Tort ‘o n:-
m o u t h  for September 10 7 4  and January throug h Ap ril 1975  - i r e  shos-n
in Fig. 8 ie .g ., the September 1974 daily Richmond a - i a - t a  se t s a re
correlated individuall y with the September 1 , 1 9’4 , Fc - rt Monmouth
data set) . ,-\lso shown in the figure are the fift een- m inute t i m - c
shifts for which the max imum coefficients w e r e  attaine d , ar-nd the
maximum available data pairs for the correlation anal y sis. The
maximum correlation coefficients ranged between ‘~- 0. ” and w 1.0
for September 1974 an d  January and A pril 1075 , and between ~ 0.9
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